The high cost of Pt based catalyst for aqueous phase reforming (APR) 
INTRODUCTION
Due to the worldwide petroleum consumption has increased rapidly in the last decades, energy crisis and environmental pollution has become more and more serious. Therefore the use of renewable as a source for the production of fuel and chemicals has become important during the last few years [1] . As an alternative to industrial petroleum-based fuels, biodiesel has become one of the most common applications of biofuels from biomass [2] . Glycerol, as the main byproduct of biodiesel production process, is increasing rapidly with the development of biodiesel industry [3] . One of some possibilities for efficient utilization of glycerol is the conversion to synthesis gas (CO/H 2 ) by reforming processes [4] [5] [6] .
It is worth to consider the production of hydrogen from glycerol. In this sense, biodiesel would be fully integrated in the renewable fuel concept as clean fuel for fuel cell devices [7] . Glycerol reforming for hydrogen production could be carried out by several available routes, such as aqueous phase reforming (APR), steam reforming, and autothermal reforming [8] [9] [10] [11] . APR of oxygenated compounds derived from biomass, first developed by Dumesic et al. It has several advantages, for instances it can be carried out at low temperatures, reducing the cost of the process because it is not necessary to vaporize water and minimizing undesirable decomposition reactions. Furthermore, it is possible to generate H 2 and CO 2 in a single step with low levels of CO, which is important for fuel cell applications [12] [13] .
The mechanism of hydrogen production by APR process involves the cleavage of C-C bonds as well as C-H bonds to form adsorbed species (especially CO) on the catalyst surface. Then CO is converted in H 2 and CO 2 by the water-gas shift reaction, as described by Dumesic group [9, [13] [14] . Several supported metal (Pt, Ru, Rh, Pd, Ir and Ni) catalysts have been tested in APR process and have shown good activity and selectivity for hydrogen production. Thus, a good catalyst for APR process has to be active in the cleavage of C-C bonds and water-gas shift reaction, but has to inhibit the cleavage of C-O bond and methanation reactions. However, the high cost of metal based catalyst for APR reaction makes it advantageous to develop less cost of other metals for the same reaction.
In this work, four precious metals (Cu, Co, Zn, Ni) supported on γ-Al 2 O 3 with 20% feeding amount were prepared and evaluated for hydrogen production by APR of glycerol. The effect of the preparation methodology on the catalytic activity for reforming reaction and hydrogen selectivity was investigated, correlating with structural and morphological properties. 
EXPERIMENTAL SECTION

Materials
Instrumentation
X-ray diffraction (XRD) patterns were obtained by Rigaku Smartlab diffractometer. BET surface areas were measured by N 2 physisorption using a Micromeritics TriStar II 3020 instrument. All the FTIR spectra were collected on an IR Prestige-21 Shimadzu spectrometer. The decomposition of catalysts was investigated by thermal gravimetric analysis (TGA) using Linseis STA PT 1600 analyzer. The products were analyzed by gas chromatography, Shimadzu 8A GC. Procedure
Catalyst preparation
Catalysts were prepared by impregnation methodology.
Commercial γ-Al 2 O 3 was used throughout the study. γ-Al 2 O 3 and aqueous solutions of nitrate salts of metals nickel, cobalt, copper and zinc were prepared and soaked in distilled water. Feeding amount of the metal was 20% for all samples. The resulting slurry was stirred at 80°C for 24 h, filtered, and washed with deionized water. The catalyst was subsequently dried overnight at 105°C, and calcined in ambient air at 500°C for 3 h.
Catalyst characterization
X-ray diffraction (XRD) analysis was carried out for crystallographic phases identification of the catalysts samples using a Rigaku Smartlab diffractometer, with Cu Kα radiation at 40 kV and 30 mA, and a secondary graphite monochromator in the 2θ range of 10-80°. The textural characteristics, such as BET specific area and pore volume (BJH method), were determined by N 2 adsorption-desorption on a Micromeritics TriStar II 3020 instrument. Prior to the analysis the samples were outgassed for 3 h at 250°C. The chemical nature of adsorbed surface CO 2 species was determined by infrared (IR) spectroscopy after CO 2 adsorption at 298 K. Samples were pressed into small discs and placed in the IR cell. All infrared spectra were collected at resolution of 4 cm -1 in the 4000-400 cm -1 range. The decomposition of catalysts was investigated by thermal gravimetric analysis (TGA) using Linseis STA PT 1600 analyzer.
Catalytic performance test
Prior to catalytic performance test, the catalyst was reduced with H 2 at 350°C for 3 h. The test on catalytic performance was carried out in a batch autoclave reactor. In each experiment, 1.125 g of catalyst and 10% glycerol solution were charged into a reactor. Before the reaction, the reactor was purged with N 2 to remove air. The catalytic tests were performed at 250°C for 6 h, resulting in autogeneous pressures of about 42 bars. Gas products were collected in the end of the reaction time and analyzed by gas chromatography, equipped with a thermal conductivity detector (TCD). The products detected in the gas phase were H 2 , CH 4 , C 2+ , CO 2 , and CO. The molar fractions of these products were calculated without considering water. In the liquid phase only glycerol was quantified by GC/MS. Conversion was calculated based on the moles of glycerol in the feed. 
RESULT AND DISCUSSION
Catalyst Characterization
In the catalysts preparation, the precursor metal loading of all samples is similar to the nominal value concentration of 20%. To confirm the successfulness of introducing the metal on the catalyst support, the metal content of the catalysts were measured by XRF. Table 1 shows the effect of metal loading on the specific surface area and pore volume of metal/alumina catalysts. Table 1 summarizes the textural characteristics of the catalysts. It can be seen that all the metal loading on the catalysts less than 10% with the highest is Cu with 6.68%. The lower loading of metal might be the result of intensive washing in the preparation, causing the loss of metal precipitate because the interaction of metal and support is physical interaction. From the specific surface area, it can be observed that the BET area of metal/γ-Al 2 O 3 catalyst is slightly smaller than the area of γ-Al 2 O 3 pure support (131 m 2 /g). This reduction in area is possibly due to the partial blockage of the pores of support by metal oxide particles. Impregnation of the metals on the support slightly decreases the total pore volume of γ-Al 2 O 3 pure support. However, the average pore diameter of all catalysts increase, it means that some of the impregnated metal species maybe locate on the inner surface of the alumina support. Therefore, it affected the pore volume and pore diameter.
The γ-Al 2 O 3 is an amorphous matrix, therefore broad XRD patterns is observed in Fig. 1 . The pure γ-Al 2 O 3 pattern shows peaks at 36.78, 45.2, and 66.54°a nd the pattern is ascribed to an amorphous phase. There is no obvious peak of metal-containing species, indicating that the possible metal oxide may be in amorphous state or formed micro grain which was below the detection limit of XRD and overlapped with the XRD pattern of γ-Al 2 O 3 . The very broad diffraction peaks of metals in catalyst support could indicate a good dispersion of metal oxide crystallites in support matrix. Furthermore, a slight shift of γ-Al 2 O 3 diffraction peaks demonstrating successfully incorporated of metal oxide into γ-Al 2 O 3 lattice.
Furthermore, the metal/γ-Al 2 O 3 samples were characterized by DSC/TGA to study the thermal decomposition behaviour, as shown in Fig. 2 .
The initial exothermic peak at around 90°C in the DSC curves for all samples can be attributed to moisture on the surface, correspond to the weight loss of 3% to 7%. The highest weight loss for this region was for pure support γ-Al 2 O 3 which was 7%. Weight loss of up to 10% between 90 and 185°C can be attributed to the removal of physically adsorbed water and organics, for example hydrated aluminium hydroxide, which can possibly formed. For metal impregnated over γ-Al 2 O 3 samples, the weight loss at temperature range of 200 to 500°C were observed relating to the decomposition of chemically and strongly bound water molecules and organic groups, such as metal nitrate which entrapped in the pores support [15] . The total weight loss of the supported metal samples was more than the total weight loss of the support, as expected. This difference is related to the dissociation of metal nitrate presented in the supported metal samples. As it can be seen, there were no appreciable thermal changes and weight loss when the samples were heated above 500°C and it was considered as calcination temperature of the catalysts.
The basic properties of metal/γ-Al 2 O 3 samples were probed by CO 2 adsorption at room temperature and then analyzed by FTIR. Fig. 3 shows the IR spectra obtained from metal/γ-Al 2 O 3 samples that reveal the presence of two different carbonates, which are unidentate carbonate formation and bidentate carbonate. Unidentate carbonate formation is lowcoordination anions that exhibits a symmetric O-C-O stretching at 1360 to 1400 cm From the spectra of Fig. 3 , it can be observed that the basicity increased by impregnating metal on the support, it was confirmed by increasing the intensity of transmittance spectra.
Catalytic Tests
The catalytic activity of the metal supported on γ-Al 2 O 3 catalysts for aqueous-phase reforming of glycerol concentration 10% glycerol at 250°C are summarized in Table 2 . GC-MS analysis of the remaining liquid after reaction showed trace glycerol concentration, so that the conversions of reaction are close to 100%.
The reaction data presented in Table 2 shows that glycerol aqueous phase reforming over all studied catalysts indeed leads to a synthetic gas phase with a quite low CO concentration. The Cu/γ-Al 2 O 3 catalyst stands out in terms of having the highest selectivity toward hydrogen. While C 2+ consists mostly of ethane and ethene. Higher concentration of C 2+ than hydrogen in the gas product, indicate the capability of the catalyst for cleaveage of C-C bonds was still low. This could be due to deactivation of the catalysts happened during the reaction. With γ-Al 2 O 3 as a support, the rate of hydrogen production decreased in the following order Cu/γ-Al 2 O 3 > Co/γ-Al 2 O 3 > Zn/γ-Al 2 O 3 > Ni/γ-Al 2 O 3 . The study that was conducted by Guodong at al. showed Ni and Co catalysts performed low activity due to deactivation with time on stream [17] . Ni showed a good activity for C-C scission, but it exhibited high rates of methanation [12] . On the other hand, Cu performed medium activity for C-C bond cleavage but it had high activity for water-gas shift reaction, thus favoring the selectivity to hydrogen. Therefore, in this study Cu/γ-Al 2 O 3 performs the highest selectivity with 14.6% hydrogen yield. 
CONCLUSION
